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A Group Technology Approach to Master

Scheduling of Shipbuilding Projects

No. BB

Jon Gribskov, Associate Member, Rain Bird Sprinkler Manufacturing Corp., Glendora, CA

degcribes the current HMaster
approach usged at Hhetional
Steel and Shipbuilading Company L(HASSCO)
in $San Drego. Master Eeschedules at
KNASSCO Zocus key 1nterim productse
involved in construction: unite,
blocks, \on-board! =zonee, and tests.
Hewwork scheduling algorithms Li.e.
Critical Path! are useed. Each interim
product nas an associated subnet.
Categorizaction oy type iF used o
simplirYy the tagk of developing and
maintaining activity Liete,
{ predecessor /Buccessar relationshipe}
and durations for the thousands of
activities. Hanual level-loading of
craitical resources 18 incorporated into
and supportéed by the overall scheduling

This paper
nenedullng

on
ship

Prace¢se. The paper includes some
alscussion O problems encountered in
the Implementation of this scheduling
approach.

NOMENCLATURE

The Zollowang definitions are provided
te clarirfy usage within the body of this

paper. They reflect common usage within
Haraonal Steel and Shipbuilding, San
Drego. pefiniticne provided are not
itntended ta amply fnduetry standard
pracrice.

The definiticon of interim products 1s
samewhat circular, Thé& aintent behind

gef.ning interim products 18 to focus
attention on a deliverable units of work
Haw . .ng  conman  pracess characteristics,
10 the spirit oz the defanition of Graup
Technwlogy given helow.

assemntly which
or ag part of a

Black «- a pgtructural
will be erected sangly
grand-block;

Bicua Technology
take advantaae
rharavteristics,
minm dJdirfrerences

-~ arganization of vork

af Comnhon Process
while accammodating
irn matvevial, geometry
and £Sloe, in ayder to briang the
adventages of mnags proaauction te high-
1. v6ty, mized quantity production;

e

dependencies -
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Interim Product
portion af work which
scheduled and wmanaged &S

an assembly or
can be logically
though it wvere

a deliverable praduct; &.5., unit,
block, subzone, sYEtem test, ete.;

Pallet ~- subdivision ¥ a workpackage:
a unit of warlk which has common work
characteristaice (praocess, tooliing or

materiall, and vwhich can be performed by
a single crew 1n & reasonably short
periad of time wvhile working i1in a

defined wori ares;

Subzone -- a geographic volume within a
ship; typically bounded by vatertight

bulkheads fore and arft, decks above and

below, and Eshell plating *o port and
starboard; :
Uunit -~ pipiag unit; an erectable

assenbly compoeed both of structural
camnponents (structural Iramewverk, common
Ifoundatione, Ifloor plates and gratings)
and outfitting components (e.g., pumps,
motors, piping, gauges) and which ig not
an integral pert af the ehip gtructure;

¥orkpackage ~-~ all work

stage of coastruction,
of work (e.g., piping,
for a given dnterim
block, subzone, etc.d.

within & given
af a given type
vent, etc.), and
praoduct funat,

IRTRODUCTION

Thie paperxr
developing

describes a rethoad o=
the portion of the Master
Production Schedule IHPS) aueEocl st ed
with the agsemnbly, ocutritting and
erection of hull blocks. The metho
aiscussed:

o uees information avaellable very
early in the conlract cycle

¢ odn accommadate some lhacCuracy
in avallahle ainformatian

o is Burriciently detalliea
ineure workable schedules

o 1ntegrates the sScheduling o2
engineering, materralt
pracurement, detail planning aand
proguctison attavaties

2 usese Oroup Technulogy concegpts
and PC-btased Preoject Manugement "
sorftvare to.maximize erficirency
af the echeduling procese

to



The method discurssed can, by extension,
be applied to ather paortiaonse af the
Haster Produstion Scheduling procems.

MACTER PRODUSTION SCHEDULE

The Ameraican Production and Inventory
Caatrcl Sacleiy dictiaonary definee the
Hasgter Production Schedule in  part as
Iollows:

"..o.the anticipated bulild schedule
itor those selected items assigned to
the master scheduler....*”

Schedule for an
cantract mugt take
the contractual
exigting ar anticipated
avallability of drawings and
avallability o1 manpoavwer and

and management objectives,
The Nhaster Production Schedule must
therefore include incorporate
inXormation from:

The HMaster Production
individual ghip ar
inte accaunt
reguirements,
backley,
materigl,
capacity,

ar

Milestone/Key Event Schedules
Procurement Haster Schedule
Engineering fHaster Schedule
Manpawer Curves and Capacity
Plane

coon

The
Antegrates
functional areas

engineering, materials)
various production sub-arganizations
(gteel fabrication, assemhly and
erectian, outritting shope, on-black and
an-board outfitting, test and trials,

Magter
the

Praduction
erfarte

Schedule
of different

(production,
as wvell ag

and gsuhcontractars, ). Differont parts
of the arganization require different
information. The shop requires a set ar
need dates, tagether with deslgn and
material availability datesg. On-block
outiitting requires steel aEsenbly
complete dates, design and mateyrial

(purchased and fabricated) availability
dates, and erection dates, The HPS
provides the gets of dates necessary to

do thie, while allowing ares managers
Tlexibility +to scheduls #ithin the
required constraints. The

respongibillity to manage musgt
the manager, not the scheduler.

rest with

The Haster Production Schedule becames
the haeice af nare detalled scheduliag of
engineering vork, material procurement,
manpower planpning, %training schedules,
and capi&city planning. Development of
the Masgter Production Schedule thererore
agtumes & degree of urgency once a
contract 18 awvarded,

Methods must be developed which provide
reasonable accuracy of schedule even
vwhen based on preliminary end incomplete
informatiaon. Later changes to the HPS
which rerfult in earlier requirements for

material or englneering products are
dirficult or 4impoesible to accommadate.
n  the other hand, echeduleg which
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introduce unnecescarily earlky
requirenente an enginsering and rateria.
pracurement ¥ork may  result  1n highe
costs for thoge funclidoafs.

GROUP TECHNGLOGY AND INTERIR PRODULTS

The concepte of Uroup Techaulliny .07
central to much af  the wadernizatic. ot
shipbutlding production neLAgEment
methads and procedures. Application of
theBe concepts within the shigbuslding
envircnment has been well-dogumentes
within the shipbuilding literature.

(GT)

Group Teshnaology has beeun

85t

der2ned

*"BT 1s & technigque faor manufascturing

anall to medium lot Size batches of
REILE af eimiliar pracess, or
somevhat diggimilar natertals,
geometry and size, which are

produced 1in a committed small cell
of machinese vwhich have been grouped
together physically, specificalily
touled, and echeduled ag a unit.*?

¥hile guch a definition works well
machine =shop epavironment, a modified
definition ie regquired for effective
applicatian ta shipbuilaing. The
following deZinitian by G. M. Renson 1s
suitable:

in «

arrangement aid
sequence of all facets of company
operation 4in-.- order ta bring the
beneritse of meee produstion te aigh
variety, mixed guantity production. i

*The logical

Rapson*s definition broadens the scope
of application of the centrsel coacept of

Group Technalogy: facueing an
similarities in procese, while
accommodating differences in materliale,
geomnetry and size. This broader

definition encompasees much of the vark
that hag been done in 2pplying BT to the
ghipbuilding environment. The key to
succesgiul application of Group
Technolegy in shipbuilding i a foous on
"interim product.*

Ship canstruction i characterized by a
single, deliverable end product. The
ehip is aseenbled from a number af major
ageemblies (structural hull blocks, main
engines, zhalting, piping units, etc.)
supplied by the shipyard and by outside
vendorg. These in turn are comporRed of
enaller ugsemblies and purchased
companente. The bill o materials
e)xplogion of a ghip beilng built using
modern shipbuilding technology would
have levels gimilar +to those shaown
below:



ship
I
mijor assaemblies
blocks, units, subzones,
ahaztting?

(&.g., main
engines,
i
minor azssmbhlies
manifolds, structural panels,

vent fans}

(®.Q.,

PUumpe,
£

fabriceated and purchamed partg and

components
(@.g., pipe spocls, vent pisces,
valves, connection baxes)
f
rav stock materisal
{(e.g., plate, angle, pipe, cable!
At the middle levels of the ship
asscembly process, @ wvariety of interim

be deXined.
assembly

For example,
itevel these

praducts can
at the wmajor
include: piping units, outfitted
structural blocks, outfitted gsubTones
and tan¥s, sharting inetallation, etc.
(Terminology varies somewhat within the
shipbuilding ZIndustry.) Focusing on
theee interim products 1 the key to
application of OGroup Technology to the
shipbullding pProcess.

Thie article will facus an the
secheduling of a particular i1interiwm
product at the major assembly level:
assemhly, outfitting and erection of
etructural hull blocks, including the
design and materlial need dates Xor each
black. The scheduling approach
discussed is applicable with minor

modifications to other interim productis
at the major assembly level.

HuLl BLOCK SCHEDULING ELEMENTS
all vark assoclated with

blocke was donpe using
softvare running on

Scheduling of
structural hull
Project Management

an I8 AT computer. A project netwvork
wag built Laor the purpose whith
included:
¢ eangineering activities
o material identificatiaon,
procurement and receipt
. 0 detall planning activities
o all related production
actavitier
The purpose was to integrate echedules

=33 a level of detail csuificient to

aseure a workable schedule.

nuilding the scheduling netvork invaolved
merging several pieces of information:

netwo:r ¥ Yor a
which integrated
materials,
praduction

with the

schedulling
block

engineering,
and

associated

oo
typical
the
planning
avtivatics
block

© a hull bklock breakduwn shawiang
+he locetion of the structural
Lreaks between blocke

8B-3

o an erection Echedule Ehowing
erection dates or all outfitted
gtructural blocks

o tmbles of scheduling offpete and

schedule duratione for those
activities and relationchipe
vhich wvary according to block

type or individual block

vhicli the overall
built, will be

These elemegnts, from
netvark schedule
digcucsed in turn.

ig

Hull Silock Networi:

The hull block network i1includee known

scheduling information common to all
biacke. Dependencies among &nd betveen
engineering, materiels, planning eand

production activities eare incorporated.
pegived lag periads between activities
are included. Schedule duraetions which

are standard Zor all blacks are
incorporated. The activities and
relationships represent the Iflow o
materials and i1nformation, movengnt of
the interiwm praoduct thraough various
proceeser and BLAgRE, and intervale af
time provided Tfor completion (=23
activities not ghown explicitly. Figure
1l ghove a typical block netvork. Hote

that the network ie not to Escale since
some activities shown may vary Ior given
bloacks.

Developing the network invalwves the
balancing af geveral Iactaors. Every
activity or relationship in the

ingividual networit will be dupliceted &
number of timee in the projest network.
For example, = 40 activity netvwork uced
with 300 structural blockse will result
in a praoject network or 12, Qoo
activities. Excepclive detaill cean lead
to problems with Iile size, software
constralnte, processing Time, report
sizes, and =0 on. Activities that
should be included are thoge vhich are
required to establish cschedule dates,
echedule durations, utilization <3
eritical resources, and those activities
whose schedules will need to be trachked
aE the praject proceeds.

Standard durationg which exceed narmal
operational times for a given Eet of
activities pravide a meane of absarbing
delays, uncertainty in work content and
vord rate, correction of minor naterzal
problems, etc. Given the uncertalntiece
vhich aften prevall in the ehipbuilding
environment, thig conservative approawh
malles senge Xar any area Iecing
eignificant material problems, unplanned
wor¥, or uncertainties in wvork scope or
segquence. It provides a meane of
minimizing the schedule impact ar
deviatlione from the plan, and Wwarke 1in
conjunetion with an lterative appraach
to planning.

durationg
times

Standard
operational

which
have

erxcecd

also several



STRUCTURAL STEEL STEEL {STEEL BLUCK
DRAWIKG L PROCUREMEKT |— FABRICATIOH f— ASSENBLY ° 3 | ERECT, FIT
ISSUE 1- & WELDQUT

DETAIL i

{ BLOCK {——

PLARNING
QUTFIT QUTFIT OQUTFITTIKG OH-BLOCK
DRAWING i MATERIAL i— FABRICATIOK GUTFITTING |
ISSUE PROCURENERT

Fig. 1: Typical bhlack scheduling network {precedence diagramaing method}

Aisadvantages. First, line of halance
gzheduling of critical resources muet be
done separately uging planned
operational duratiansg. Line of balance
echeduling a&asgumeE that & Crev moves
Zrom one job ta the next, maintaining a

smoath flow af wvark. Schedule duratione
which exceed the time reguired to
perform the work will result in & delay
between campletion orf ane Job and

gtarting of the next 11 the

scheduled end-to-end.

Jjabse were

Secand, longer averall praogram schedules
may result. If the duration of an
activity which ig on the critical path
exceeds the actual durstion required,
then the echedule based on that path
wvill be longer than nececsary. Thie can
have local ands/or global impacts on the
project schedule. Farxr example, 1X
limited pin Jig laydown area exiets Ifor
azsembly of curved shell hblocke, the
total time required to assemble all
curved shell blocks will depend on how
lang wach block muset remain on the pin
jig. This may or wmay not aIffect the
overall ship construction project
echedule,

Third, conservative scheduling durations
imply acceptance of a certain level of
scheduls uncertainty. variances in
actual duratione and acheduls
perZormance are hidden. Underlying
probteme which cause the variances are
accomnmodeted. The urgency of correcting
fuch probleme if thus reduced.

A pragratic
belance
Congervative
Jurations can be

approsch ie needed to
these consideraticns.
{longer ) sEcheduling

uged where reguired.
If +the resulting schedule dJoes not
appear optiwmal from any standpoint,
ghorter durations can be subgtituted and
the schedule recalculated.

Hull Blaci: Breaidown

The hull block breakdovn establishes the
liet of blocks, their npuabering, and
locatione of the erecticn breake. Thise
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information can be ugfed in canjunction
with contract guidance Or acther drawvings
in establishing block types and
eatimates of work cantent. Thnese
estimates can be used to define schedule

duratione and offsets for those
activities and relationshipe which are
non-~standard and depend on the

individual characterigtics of the block.

Hull HBlock Erectian Schedule

pL-—— e = e —————

The hull block erection echedule
egtablishes the need dates Yar the end
aszenblies, the outfitted etructural
blocke. Thig schedule 1is the backbone
af that portion of the preduction
schedule related to hull blocks. Any
change to the erection date Ior an
individual bloack 1s likely to aifect
every other activity Ior that block.

either be in

The erection schedule can

the form of & table af dates or can
itgelf be 8 form of netvork. Figue 2
shave a portion af an erection schedule
in netvork Zorm. If +the erectian
gchedule ig in tabular YXorm (with no
dependencies between arection =+
individual blocks} then the rioasl
project network will be compoged an a
geries of independent subneis, one far

each block.

Table of Schedule
Durationg

I¥sete and Schedule

The table oIf gchedule offzete and
gchedule duratione captures all of the
non-gtandard featurea of the individual
biock netwarke. For example, assembly
duraticnsg mey vary by block type {(Ilat
decic or bulkhead wve. curved shell black}
andsor by work centent (tonnage or weld

footagel. Outfitting durations and
routing may depend on the paint
regulrements and outritting work
content. A table of walues metching
block number with the particular wvalues
will be used to tailor the standard

black network to the requirements aof the
speciric block.




BLOCK XXX BLOCK XXX BLOCK XXX BLOCK XXX
2HD DECK i 2ND DECK | 24D DECK Fr{2ND DECK = o
FR 110-170 j {FR 170-230 } FR 230-290 } |JFR 290-350 i
! i f {
% % % %
j {BLOCK XXX j §BLOCK XKX j {BLOCK XXX { | BLOCK XXX
4NN DECK -{ MN PECK i MN DECK -t MK DECK e
FR 110-170 FR 170-230 FR 230-290 FR 290-350
Fig. 2: Portion aof an erscticon achedule (precedence diagramming msethod)

Group Technolagy can be used Lo
advantage by derining Xawmilies of blacks
by type. For duratione and offcets
which are a Ifunction of same
categorization by block type, the
duration or offset can be provided for
each block <type 1in a =separate table.
The type aesociated with emch individuel
block 18 then indiceted 1n the block
table. Thie encouragee standardization,
with the usual henefite,

BUILDING THE PROJECT MODEL

An i1integrated scheduling network is
conztructed from the elements discussed
abave. The network 1is created through
the fclloving serlec o eteps!

a make a copy of the black netvork
Tfor each individuasl block

o incorporate cangtraining factore
such as erection date into the
individual block networke

o irncorporate block parangters
which are unique or which depend
upaon some categorization into
the individual block netvorke

o introduce the relationshipe
which represent dependencier
within the erection schedule

o add other activities and
relaticns which XYorm portions of
the total project netwvork

Eacl: of thege steps will be discussed 1in
noare detatl.

Cop.e€ of the typical block network Xorm

the bulk af the overall schedule.
Making the copies 1o egtraightforwvard
witr moast project management software
pacLsages. It ig alse usually very

tediLas and time-consuming it more than
& Iwew coples need %o be wmade. Firat,
anc  er a group of black netvworke are
conzed.  Next, the copled zctivities are
rena.asd ar renumbhered g0 that all
astivities and relatians are uniquely
identified, Finelly, copies are merged
into a larger project netvork.

nuLny Frojent mansgement saftware
packages allovw deXfipition wf "hammocks. ™
A Larnock 12 a group of activities and
la which form a8 sub-network
ving £ingle entry (start activity) and
t (complete dactivity} pointe.
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Hammocks can pe 1ncorporated 1in the
project network by egtabliching &
relation to these entry and exit points.

The hanmmocking feature of the software
can sometimes be used for incarporating
standard sub-networks (guch as the block
subnet discussed above) into the project
netwvark, In =ome goftvare packages,
hovever, hammocks are represented by a
single activity, In thie case, it ig
not possible to tie a relation to an
sctivity interpnal to the hammock. Hore
Lflexible methods orf incorporating
standard subnets are cometimes reguired.

The next step i1in bullding the project
network 18 to incorporate 8Ny necessary
conetraints inte the project network.
For example, each bloek haeE an erecticn
or grand-block erection date. Ir the
erectiaon schedule hase heen developed by
hand off-line, the erection date is a
fired dJdate. This iwmplies that other
activities for that block (e.g., steel
asgembly, on-block gutfitting’ should ke
scheduled to complete in time to support
the scheduled erection date. The

rection date could then bé& represeented
at @ milestone date for the blaoack, as
the late staert of san ssStlivity (erect,
it and weldoutl, ar as the Jlate
complete date of an activity f(erecticn’.

At thics
composed
each oI

paint the project IIile Is
of i1ndividual block netwvorke,
which wmay heve a conetraining
etart or complete date on at least one
activity. The next step 1£ to tailer
the individual block networks to account
Lar known differences. Theee
differences way be due to individual
charecteristice of the hlock, or to
charatteriestice common to 2 family of
blaocks. For ezample, the erection date
ie different Ior each block. In the
cese af individual dirfferencec, uge
values from a table of =chedule dates,
durastione, or offsets.

Charscterietice may alpc vary accorJdaing
to block type. Sets af blocke may be
urganized into "familiez=" or Tgroups”
based on some comnmon chas acteristic. AL
an example, 8ll blocks buillt 1n a
particular 3ig wmay form a family having
identical assembly duratione. In thig



cace, One neede & table that identifiecs
which blocke are members of the family,
gnd another table which identifiecs the

asEembly duration Zor that family.

Relations which reprecent the
predecassnr ~Eucceseor dependencies
within the erection schedule can now be

ilatroduced. If the erection schedule iz
typacally dJdeveloped &y hand, this step
may be unNnNEecCescEary. However,
introduction aof +the computer 8 3
pcheduling suppert toocl may provide
opportunities for zFurther refinement of
schedules. This will be dJdiscussed
later.

The last step in the process 15 to merge
the cempleted black netvork with
networke which reprecent other portione
of the project. For example, it may be
userful to include landing of major
equipmnent and installation af key
componente in the aoverall project
netwark, The installation schedule Tor
propuleion machinery and ghalfting is
directly related to the erection
schedule and alge to the eritical path
of +the project. Including these
relations within the scheduling network
insuree that they sre not ignored when
echedule changes are being considered.

SCHEDULING AND RESUURTE SCHEDULING

The netwark 18 at this point complete
and can be rcheduled. For the purpaces
or thisz digcussion, eritical path
scheduling will be dane uging the
Precedence ODiagramming Method (FON).
Those not familiar with the concepts and
techniques digcussed are referred ta the
many excellent texts in the field.

Project start and
sBcheduled milestones,
activity start end complete dates are
the congtralntse which limit the
schedules for other activities. Hoat
current sofiware packages employ 8 two-
pase ccheduling approach. Puring the
forvard paes, succeggore of already
scheduled activitiers are in turn
gcheduled, with the dates gtored in the
early gstart and early finieh date
Lielde. pDuring the backward paess,
predecessors of scheduled activities are
themselves scheduled, and the dates
etared in the late start and finigh date
Tfields.

complete dates,
and planned

Each activity ‘then has early and late
start dates, and early and late finish
dates. Activities cannat he started
prior to the early start, or later than
the late ptart wvithout either violating
the praoject network logic, aor affecting
the overall project =2chedule. The early
and late dates thug define the schedule
*window® within which an activity can be
wvarked without affectiang the overall
project. Epch activity has Zloast, which
neasures haw much the activity schedule
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can wave within the schedulec winduw
without affecting the overall project.

If resgurce and gapacity constraintc arg
lgnored, the lete etart and completlcs
dates provide a vorkable schegdule
produced by baclk scheduling. Thaie =

similar to the schedule which resul+
from gecheduling back Zrom end asEen:tly
campletion dates down thraugh a till oz
wmaterlials explasion, taking piuprs
account of duratjone and lead times.

<

The typicsl shipbuilding practice of
back gcheduling produces a sochedyle
vhere every activity 1 an the critical
path. This i= equivalent to  the
situation that existe when the early ang
late start dates are the =same there
is zTeroc Zflo=t. Assuming durdtisne ore
acscurate, a one day delay in starting an
activity vwill result in a cne day delay
in every successor activity. Giver. the
unpredictahility and Ifrequent dJdelaye
vwhich exist in & shipyard, a nore
conegrvative appraoach to schedulaing is
ugelul.

Taking intc acecount
capacity congtraiats, nelther the ea:ly
or late schedules are optimal. Heithero
results Zrom any cansideration oI
resource availability ar levelling.
High labar content and expeasive
shipyeard facllities demand something
ROT'E . Typically, sOMEe I'DPEQUIrCcRS BT &
critical, and constrain other schedule=.
Utilization of gteel ascsembly fauclilities
and mwenpower normally reguire carefual
levelling.

resource and

Many current project management sortwarec
packaeges allov levelling of resources.
Qne of twvo different algarithms 1s
usually invaelved. The first is schedule
caonstrained. Activities are
progresgsively gcheduled based on =sone
asgeighment of priarity (e.q. amount or
remaining float for the activity). When
thie would regult in gtarting an
activity later than its late start date,
the date constraint tales precedence and
the activity 18 =scheduled to gstart.
Thig wmay result in resourceese utilitation
in excess of rescurce availability,

The gecond
progresgively
barged on
requirements

method alsc

acheduling
prioxrity.

are - matched
resource avallability curves.
resource required by an
unavailable, the agctivity i1 delayed
uatil the resgurce becaomes available.
Project completion dates will not he met
if the start o &0 acstivity ik delayea
past its late sStert date. UScheduling
proceeds staying within the boupds of
the resource avellability curve at the
expense ol schedule.

proceede by
activities
Resource
againet
¥hen a
activivy 1ie



The resource scheduling features of
project management gsorXtvare can be uged
to limit use aof eritical shipyard
Tesdurces to wvithin a capacity
constiaint or planned resource
avallability, The steel assembly
schedule 1g 8 prime example. Manpover
availability curves can be used to
sechedule gteel assembly to maintein
planned levels. If a special jig 1s to
be used, a jig availability curve can be
added tc the rescurce file. Steel
assenbly records for these blocke ta be

built in +the Jig have the jig regource
requwirement added. I there is one Jig,
and 1t can hold only one blaock at &
time, the resource Iile wmuct chow that
ang unit of resource *"jig®" is available,
and the block Tile muet ghaw that ane
unit af Iresource jig i1e regquired. Pan
jig areas cen be divided up into a
oumber of unit BEquares, and the number
af unit Ssguares reguired for the
acgemhly of any given hlock or block
type loaded to the project Ifile. The
tatal amount orf availlable pin jig area
can then be uzed to contral the
echeduling of assgembly vork through the
aSrea.

Once the critical
scheduled, the resulting scheduleg
should be examined carefully. Froject
management sor¥twere is a echeduling aid,
ot 4a replacemsnt for good planhaing.
The =software facilitates balencing of &
large number of schedule and resource
ceagtrainte, and examination or
resulting echedules fraom e aumbher of
rerspectives. Resource utilizmation
curves should be examined closely. A
szampling of the blouk echedules should
be done to insure accuracy,

and that the
resultsg make cense,

resources have been

IY probleme Bare identified with the
schedules and resausrce curvee that
resultod, adjustwente can be made by

hand to the schedule, and the zschedules
recalculated. *"What-if" gamee can he

playcd using coples of the network. The
result =should be a esctedule which is
logacally consistent and which makes
302 age of key resources.

GANERAL CONRENTS

Euleting project wmanagement softvare
ypically forces the uger to work in a

battom-uop  fashion. Building a project
networi fo:o a large shigbuillding project
Lecemer 2 esignirXicant Slerical effort.
Sre losos sight of  the overall project

in the prucess or entering and
malrntarndiag 19, 000 activity records,
with agsucinted redecfesOr-SucCtOesEQT

relatione and recouwrcs regqulirements.

Fusising the project s=chedule should be

= minture of bottom-up and top-down
scheduling techniques. Bottom-up
cotedaling can be employed to develop
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those portions of the scheduling netwark
far which a good higtory 1 not
available, portions far which the
avalilable history does not meet currenti
abjectives, or portione which are kaown
to be cgriticel to .the overall prograr
schedule, Top-down technigues can be
used where echedules have aslready been
developed, vwhere good historical
infaormation exigte, or where the
detailed Bchedule will not effect the
overall program schedule.

The network will never completely uodel
reality. The project management team
must find the level at ¥hich the model
ie most userful in relation to the effort
required to construct and maintalin the
wmadel.. The Group Technology approach
outlined above eimpliXiee the problem to
one of standard families o assemblies,
and instencee of the standard. In

additicn, sevaral strategies eXlist to
maie the effort aore productive:
o focus attentisn on activities
which are ceritical to the

averall project, schedules that
are drivers of other schedules,
and resources that’ are
bottlenecke

o aveid inclusiaon of activities
for which gehedules can be
easily derived ge offseis rom

the other echeduleg, and which
are not themeelves schedule
drivers

o be relentleps in  identifying
sgtandard durationg, cequences,
and cRtegorlier -— look Jfor
familiese of components at all

levels 1in the product hierarchy

o develop a liprary of standard
subnete

o keep the project madel ac simple
ag poecsible, avold unnecessary
deteil in the network, look fo:-
vaye tc reduce the size and
complexity

o where repeatabllity ar
predictabllity of gschedules ie
low, moTe congervative
gcheduling approaches should be
used longer durationg to
minimize impact of echedule
delaye

© engineering
schedules
initiel

and materiale
can be IfroZen srter
development by copying
the appropriate dates into the
planned Btart and complese
fielde, or by kKeeping a tapy of
*the bapeline” from which to run
repartse

The
become very unwieldy. g
gctivities for each of 300 Etee)
asgembliese or other Interim prodacte,
one hat a netwark of 6000 activities (20
activities/product » 300 products = 550U
esctivities?}, plue the agrociated
relatians between actiwvities. For eomc

4nh or mananino
gt ox g g

~on
netyors can
-

If one has only 20



packages which run an personal
computers, petworks of 4,000 or more
activitier can stretch the limits of
available disgk =torage, and result in
very long run times (30 miputes or mare!}
for the scheduling operstion. The
actwork shauld cantain anly thace
activities pecessgary to preserve  the
echedule relationshipe and the oclisets
butween activitiee.

Ancther method for reducing complexity
in - scheduling ie to chouee an
appropriate tiwme Lrane. Most project
management egoftwvare allows scheduling at
a daily or even hourly level. But a
weekly =schedule may be more meaningful
because 41t focuzes attention at the
proper level of detail. Scheduling by
weelk can be done by setting duraticons
and lag pericde is multiples of 46,
ignoring holidayes, and setting all fised
sELATY dates on HMondaye, #il Iiwed
campletion dates on Fridays.

The scheduling network can aleac be
simplified through reducing the number
af relations,. If the superviear in the
Ifield will exerciee hie own dilecreticn
in the scheduling of an activity betveen
two mileztone daten, then the only
relaticne needed for that activitiy are
those which tie 1t to the milestones.
There 18 no need to add additionsl
relatione to the networiz ta constrain
the timing of the activity. Alsc, 1f
simple Iinish-to-ztart relations will
establish the desired work seguence,
there 18 no need to esteblish a complex
pattern of gtart-to-start and finish-to-
finizh relations and assocaated lag
periodsg.

The echedules produced using project
managemnent goftwere are dynamic. A
eingle small change has the potential af
changing the entire project schedule 17
it liee on the critical path, Once the
initial schedule has been developed, it
may be desireaeble to lock i1in certain
schedule dates, Changes to engineering
and materials echedules may Ccauseg
unneceggary disgruption and wmay impact
vendars and subcantractors.

Seyeral techniques are available +to

stabilize portions ar the project
eschedule. The project schedule can be
archived, and the archived datee used

for scheduling selected activities,
Schedule changes which confiict with the
archived dates can then be handled on en
exceptian baeis. Same sofiware packages
allow presgervation of the initlal dates
ag bageline dateg Zfaor each activity.
The baceline datese can be ucsed vhere
deeired, and reports produced to
indicate sctivities having dates which
are in conflict with the baseline dates.
A third alternative ig +*to copy the
deglired datez inta the plenned start and
planned complete Iields. When the
project ig rescheduled, activities whose

dates conflict with thesee planned dat
will be shown ag heving negative flo:

CONCLUSICH

Thie paper outlines 3 meethod 1
develaping the tlaster Producty
Schedule Zfor a shipbuilding p=oie
uging PC-based project managene
schedule. Currently available goItw:
offers Tfunctionality, pOwes N

flexibility to FC users. The techailqg:
autlined here balarnce use o top-o:
and hattoam-up echeduling techaique
They are designed to Tacllite
effective use af Project NManagene
software in the Ehipbulles
environmant.
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